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Description 

The  use  of  low-pass  wires  and  cables  for  elec- 
trical  interconnections  between  electronic  appara- 
tus,  instruments  and  systems,  so  as  to  make  the 
latter  "compatible"  with  one  another  (relative  to 
conducted,  coupled  or  radiated  electromagnetic  in- 
terference),  has  been  described  in  detail  in  the 
scientific  and  technical  literature  (Reference  :  RFI 
Suppression  Components  :  State  of  the  art  ;  New 
developments  by  Dr.  Ferdy  Mayer,  IEEE-Transac- 
tions  on  Electromagnetic  compatibility  Vol.  EMC- 
18,  No  2,  May  1976  pages  59-70. 

These  wires  and  cables  take  advantage  of 
magnetic  and  dielectric  losses  of  the  conductor(s), 
the  magnetic  and  dielectric  absorption  of  the  media 
surrounding  this  conductor(s),  and  one  can  realize 
low-pass  lines,  cables  and  filters  having  cut  off 
frequencies  (attenuation  of  3  dB/m)  of  20  MHz  for 
straight  conductor  structures  and  300  kHz  for  hel- 
ical  conductor  structures.  For  frequencies  above 
this  range  attenuation  continues  to  increase  and 
decreases  occur  only  at  frequencies  above  2  to  40 
GHz,  where  the  magnetic  effects  disappear. 

But  there  are  many  practical  applications,  in 
particular  in  industry  and  aeronautics,  where  a 
need  exists  to  have  cut  off  frequencies  below  20 
MHz  or  300  kHz,  so  as  to  suppress  "slower" 
waveforms  or  to  reduce  the  necessary  line  or  cable 
length.  In  the  same  way,  there  are  cases  (in  par- 
ticular  in  defence  applications),  where  not  only  low- 
er  cut  off  frequencies  are  sought,  but  also  fre- 
quencies  above  the  10  to  50  GHz  range,  where  the 
effects  of  magnetic  absorption  (case  of  the  use  of 
magnetic  losses)  disappear. 

Moreover,  similar  to  the  described 
magnetic/dielectric  losses,  there  exist  other  phys- 
ical  phenomena,  with  inherent  high  frequency  loss 
effects,  i.e.  low-pass  characteristics,  which  the 
present  invention  can  take  advantage  of,  like  nor- 
mal  skin  effect  in  conductors,  the  artificial  skin 
effect  described  in  FR-A-1428517  and  FR-A- 
1514178  the  loss  effects  achieved  by  semiconduc- 
tive  or  resistive  materials  in  the  conductor  sur- 
rounding  area,  eddy  currents  and  proximity  effects 
due  to  surrounding  conductors,  and  many  other 
known  physical  loss  effects. 

A  first  aim  of  the  invention  is  to  extend  the 
absorptive  performance  of  the  above-described 
wires/lines/cables/filters  towards  lower  and  towards 
higher  frequencies. 

A  second  aim  of  the  invention,  consistant  with 
the  first,  is  to  raise  the  attenuation  of  the  described 
wires/lines/cables/filters,  for  a  given  frequency,  a 
typical  example  representing  the  simulated  skin 
effect,  described  in  my  US-Patent:  US-A-4510468 
published  9.4.1985. 

Another  typical  example  is  the  possibility  to 

replace  a  complicated  and  expensive  implementa- 
tion  (like  a  helical  line),  by  a  straight  wire  or  cable, 
of  simple  structure,  both  less  expensive  and  of 
lower  weight  :  this  fact  may  be  important  when  the 

5  weight  of  the  interconnection  is  limited,  such  as  in 
air-borne  or  space  applications. 

A  third  aim  of  the  invention  is  to  re-shape  the 
attenuation  curve  of  such  a  structure  (in  the  fre- 
quency  domain  ),  so  as  to  achieve  a  desirable 

io  result  :  indeed,  starting  from  the  above-mentioned 
physical  phenomena,  difficult  to  control,  one  may 
desire  to  absorb  certain  frequency  bands  more  and 
others  less. 

A  fourth  aim  of  the  invention  consists  of  the 
75  concept  of  a  new  type  of  electrical  network,  where, 

with  the  addition  of  dissimilar  wire/line/cable  ele- 
ments,  and/or  the  use  of  lumped  electrical  compo- 
nents,  of  the  right  value,  and  in  the  right  location, 
one  can  optimize  the  desired  results. 

20  In  order  to  explain  better  the  principles  of  the 
invention,  I  recall  some  fundamentals  relating  to 
electrical  lines  -  the  term  "electrical  lines"  is  taken 
in  a  very  general  sense  to  include  wires  and  ca- 
bles,  distributing  electrical  signals  and/or  electrical 

25  power  twisted  cables,  cables  with  common  mode 
suppression,  shielded  cables,  rigid  lines  of  the 
printed  circuit  type  and  strip-lines,  filters  made  out 
of  these,  etc. 

Such  lines,  with  the  presence  of  ground,  form 
30  four-pole  structures  and  generally,  their  electrical 

characteristics  are  defined  by  the  series  imped- 
ance  of  the  line,  and  its  parallel  (shunt)admittance, 
both  of  them  being  in  general  complex  values. 

The  square-root  of  this  series  impedance,  di- 
35  vided  by  this  shunt  admittance,  represents  the 

characteristic  impedance  of  the  line,  Zc.  The 
square-root  of  their  product  represents  the  propa- 
gation  constant,  of  which  the  real  part  is  the  attenu- 
ation  a  (in  dB/m),  which  is  to  be  optimized,  accord- 

40  ing  to  the  invention. 
The  interconnection  of  low-loss  electrical  lines, 

is  generally  made  by  characteristic  impedance 
matching,  i.e.  connectors  and  lines  have  the  same 
characteristic  impedance  all-over  :  consequently 

45  wave  reflections  are  avoided  at  the  interfaces  :  the 
wave  becomes  "progressive",  the"return-loss"  is 
small,  and  the  wave  propagates  with  a  minimum  of 
losses. 

According  to  the  invention,  one  interconnects 
50  several  line-segments,  connectors  etc,  by  associat- 

ing  a  certain  propagation  length  (at  constant  Zc), 
with  interfaces,  with  constant.but  very  different  Zc. 

In  such  an  implementation,  there  is  an  impor- 
tant  characteristic  impedance  discontinuity;  and  the 

55  incident  wave  is  essentially  reflected  at  the  inter- 
face  :  before  arriving  at  the  other  end  of  the  struc- 
ture  the  wave  will  have  passed  each  element  sev- 
eral  times  after  multiple  reflections. 

2 
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If  now  these  elements  represent  an  attenuation 
(even  small),  it  appears  obvious  that  this  wave  will 
be  highly  attenuated,  because  of  these  multiple 
reflections. 

In  the  same  way,  if  a  characteristic  impedance 
discontinuity  intervenes  by  a  lumped  impedance 
(shunt  capacitor,  series  inductance,  series  capaci- 
tor,  shunt  inductance,  etc)  wave  reflections  will  take 
place  and  will  create  the  "interfacial  loss"  phenom- 
enon  described,  by  the  significant  attenuation  of 
the  multply-reflected  wave,  due  to  the  intrinsic  at- 
tenuation  in  the  line  and/or  the  lumped  compo- 
nents,  even  if  such  attenuation  is  only  slight. 

So  as  to  explain  the  invention  in  detail,  in  the 
following  description,  I  shall  show  details  of  the 
concept,  in  the  case  of  interconnected  lines. 

The  line-element  of  this  "very  different"  char- 
acteristic  impedance  (Z02),  relative  to  the  remain- 
ing  interfaces  (Z01),  will  become  "resonnant"  for  a 
frequency  at  which  it  represents  a  quarter- 
wavelength  (X/4)  and  its  odd-integer  multiples. 

A  part  of  the  wave,  after  a  double  reflection, 
but  with  an  inversed  polarity,  will  superpose  to  the 
initial  wave,  giving  by  addition.a  sum  close  to  zero; 
i.e.  a  maximum  of  attenuation  will  take  place.  In- 
deed,  the  wave  will  undergo  a  reflection  equal  to 

01 02  
^01  + 02  

i.e.  close  to  Z01/Z02,  in  magnitude,  if  the  dis- 
continuity  is  significant.  In  this  case  one  can  easily 
demonstrate  that  the  amplitude  reduction 
(corresponding  to  this  maximum  of  attenuation)  is 
equal  to 

1/2  /   Z 0 1 / Z 0 2  

On  the  other  hand,  for  a  line-length  of  half  a 
wavelength  (X/2  and  its  even  multiples),  a  minimum 
of  attenuation  will  take  place  -  reflecting  the  intrin- 
sic  loss  of  the  line. 

Attenuation  versus  frequency  will  so  represent 
periodic  fluctuations  between  maxima  and  minima; 
this  oscillation  taking  place  around  a  curve  which 
represents  the  attenuation  proper  of  the  elements, 
plus  two  times  the  described  maximum  loss  for  the 
odd-quarter  wave  multiple  case. 

The  amplitude  of  such  fluctuations  will  de- 
crease,  when  the  frequency  increases,  when  the 
attenuation  of  one  or  several  elements  increases 
(and  inversely). 

The  amplitude  of  the  attenuation  maxima  may 

become  much  higher  than  the  intrinsic  losses  of 
the  elements  :  independantly  from  these  intrinsic 
losses,  this  value  represents  the  "  mismatch 
losses"  or  "interfacial  losses"  according  to  the 

5  invention. 
The  invention  is  based  upon  such  a 

"multiplication"  of  the  intrinsic  attenuation  of  the 
elements. 

One  can  observe  ,  that  several  "resonating" 
10  line  elements  of  this  kind  (i.e.  strongly  mismatched 

with  the  interfaces)  will  add  their  attenuations,  if 
they  are  decoupled  one  relative  to  the  other  (as 
obtained  for  example  by  interleaved  lossy  line  seg- 
ments,  or  lossy  components,  where  a  practical 

15  decoupling  may  be  achieved  by  an  attenuation  as 
small  as  0,2  dB). 

Without  such  decoupling  losses,  a  practical 
decoupling  will  not  occur  and  overall  losses  will 
remain  those  of  the  addition  of  the  intrinsic  losses 

20  of  the  elements.  The  maximum  attenuation  is 
achieved,  when  the  attenuation  of  the  element(s) 
and  the  interface(s)  are  identical. 

Several  specially  interesting  cases  should  be 
considered,  in  the  scope  of  the  invention  : 

25  1)  Several  "resonating"  elements  in  cascade 
(and  separated  by  decoupling  elements),  have 
the  same  electrical  length  :  In  this  case  their 
attenuations,  which  are  the  same,  for  a  given 
frequency  simply  add  together  and  important 

30  maxima  and  minima  of  attenuation  are  obtained, 
in  the  frequency  spectrum  :  the  result  is  a 
multiplication  of  the  attenuation  curves,  and  of 
the  attenuation  slope  of  the  simple  element  con- 
sidered. 

35  2)  The  several  "resonating"  elements  have  elec- 
trical  lengths,  one  double  (or  half)  of  the  other  : 
the  attenuation  maxima  of  one  of  the  elements 
X/4  or  (2n  -1)  X/4,  will  coincide  (in  the  frequency 
domain  )  with  a  minimum  of  attenuation  of  the 

40  other  :  in  this  way  the  fluctuations  of  attenuation 
vs  frequency  can  be  attenuated.  With  a  number 
of  elements,  chosen  in  such  a  manner,  a  broad- 
band  absorptive  filter  can  be  designed,  begin- 
ning  from  the  lowest  frequency  at  which  the  first 

45  quarter-wavelength  with  an  intrinsic  attenuation 
of  a  few  tenths  of  dB  appears. 
3)  The  several  "resonating  elements",  with  their 
lengths  chosen  appropriately,  and  with  corre- 
sponding  attenuation  values,  allow  desired  at- 

50  tenuation  curves  to  be  synthezised. 
In  addition,  with  the  use  of  lines,  of  which  the 

electrical  length  varies  with  frequency  (dispersive 
dielectric  and  magnetic  media),  practically  all 
shapes  of  attenuation  curves  are  possible,  with 

55  specific  localized  coincidences  in  frequency,  and 
not  for  all  frequency  multiples. 

The  above  mentioned  need  to  have  a  minimum 
of  attenuation  available,  so  as  to  create  the  inter- 

3 
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facial  loss  effect,  is  optimised  through  the  use  of 
the  low-pass  cables  (with  magnetic  and  dielectric 
losses)  mentioned  at  the  beginning. 

So  as  to  explain  the  invention  in  detail,  a  series 
of  test-results  will  be  described,  by  means  of  the 
graphs  of  figures  3  to  12,  using  the  cables  of 
figures  1  and  2,  representing  achieved  attenuation 
versus  frequency,  and  demonstrating  the  principles 
exposed  above. 

First,  one  considers,  as  an  example,  the  case 
of  mismatched  low-pass  lines  in  cascade,  imple- 
mented  by  two  types  of  flexible  absorptive  low- 
pass  cables,  of  characteristic  impedance  of  50  0 
and  1900  0.  The  structure  of  the  first  cable  is 
described  in  figure  1,  in  a  coaxial  implementation, 
where  a  copper-conductor  is  surrounded  by  the 
commercially  known  magnetic  absorptive  compos- 
ite  MUSORB.  This  composite  is  then  covered  by  a 
thin  insulating  layer,  and  in  turn  by  a  classical 
conductive  shielding  braid.  As  a  direct  conse- 
quence  of  this,  the  cable  uses  a  straight  conductor 
with  both  a  reduced  distributed  inductance  and  a 
high  distributed  capacitance  relative  to  ground  (due 
to  the  thin  dielectric  insulation  and  the  high  permit- 
tivity  of  the  absorptive  composite). 

The  cable  of  figure  1  uses  a  copper  conductor 
1,  of  diameter  1,5  mm,  with  a  surrounding  absorp- 
tive  composite  2  of  diameter  5,5  mm,  a  PVC-layer 
3  of  diameter  6,5  mm  and  the  shield  4.  For  such  a 
cable  the  distributed  inductance  L  is  2,7  u.H/m,  the 
distributed  capacitance  C  is  1050  pF/m  and  the 
characteristic  impedance  Z0i=  50  0. 

Therefore  this  cable  has  a  low  characteristic 
impedance,  which  can  be  realized  through  many 
other  methods,  as  is  known  in  the  art. 

In  contrast  the  second  cable,  figure  2,  shows  a 
high  characteristic  impedance  :  a  copper  conductor 
5,  of  diameter  0,3  mm  is  wound  on  a  core  of  the 
same  absorptive  composite  6,  of  diameter  3  mm, 
with  a  pitch  of  30  turns  per  sentimetre.  A  dielectric 
foam  7,  of  outer  diameter  of  6  mm  is  placed 
around  the  winding,  and  finally  a  conductive  screen 
8  is  applied  around  the  structure.  For  such  a  cable, 
the  distributed  inductance  L  is  310  u.H/m,  the  dis- 
tributed  capacitance  C  is  equal  to  86  pF/m  and  the 
characteristic  impedance  increases  to  Z02=  1900 
n. 

This  cable  uses  a  helical  conductor,  achieving 
a  high  value  of  distributed  inductance,  and  a  re- 
duced  ground-capacitance,  due  to  the  dielectric 
foam  insulation,  with  a  relative  permittivity  close  to 
one. 

It  is  further  evident  that  this  cable,  with  a  high 
value  of  characteristic  impedance,  can  have  many 
implementations,  as  known  in  the  art.  In  particular, 
if  a  straight  conductor  is  desired,  one  can  use  a 
structure  as  shown  in  figure  1,  with  a  low  permit- 
tivity  insulation,  a  thicker  insulation,  a  magnetic 

surface  conductor  (raising  the  internal  inductance), 
etc. 

The  test  series  results,  of  which  the  description 
now  follows,  has  been  made  with  standard  MIL- 

5  STD-220A  test  equipment,  i.e.  with  a  characteristic 
impedance  of  50  0  :  in  other  words,  the  cable  of 
figure  1  will  be  perfectly  matched.  On  the  other 
hand,  the  very  design  of  the  second  cable,  figure  2, 
introduces  mismatch  losses.  For  this  reason,  fixed 

io  attenuations,  of  10  dB  each,  are  connected  so  as  to 
avoid  disturbance  of  the  generator  (G)  and  test 
receiver  (SA). 

Figure  3  shows  the  attenuation  vs  frequency 
curve  with  the  high-characteristic  impedance  cable 

is  :  one  can  see  that  the  quarter-wavelength  for  the 
0.  52  m  length  of  the  helical  line  corresponds  to  3,6 
MHz,  basic  attenuation  of  the  line  as  shown  by  the 
dotted  curve,  is  equal  to  approximately  1,4  dB  at 
that  frequency.  The  ratio  Z01/Z02  corresponds  to 

20  interfacial  losses  of  1/2  VZ01/Z02  =6,2  ne-per/m, 
1.  e.  15,7  dB/m,  which  is  close  to  the  experimental 
value. 

The  "half  wavelength"  corresponds  to  7,2  MHz, 
and  its  multiples,  with  the  expected  attenuation 

25  minima.  The  amplitude  of  the  fluctuations  de- 
creases  with  increasing  frequency,  and  above  60 
MHz  approximately,  no  reflected  wave  can  reach 
the  output  anymore. 

Figure  4  shows  the  results  with  the  same  hel- 
30  ical  line,  but  of  double  length,  i.e.  1,05  m  :  one 

sees,  that  resonance  frequencies  are  now  halved, 
and  the  basic  attenuation  (corresponding  to  the 
dotted  line  of  figure  3)  has  now  doubled. 

Figure  5  shows  two  elements  of  the  short  hel- 
35  ical  line,  separated  by  a  "decoupling"  element  of 

the  low  impedance  coaxial  line,  showing  a  mini- 
mum  attenuation  of  several  tenths  of  dB  in  the  few 
MHz  range  .  One  again  sees  ,  that  the  total  attenu- 
ation  corresponds  to  the  addtion  of  the  attenuation 

40  of  two  cascaded  helical  line  elements,  plus  the 
attenuation  of  the  straight  absorptive  line  :  the 
attenuation  at  3,6  MHz  and  its  odd  multiples  has 
doubled  (addition  of  the  attenuation  of  two  quarter- 
wavelengths),  the  even  multiples  showing  minima 

45  at  7,14,  ...  MHz. 
One  can  observe  too  the  different  evolution  of 

the  attenuation  maxima  and  minima,  with  frequen- 
cy.  This  is  due  to  an  incorrect  adjustment  of  the 
two  helical  line  elements. 

50  In  figure  6,  the  length  of  one  of  the  helical 
elements  has  been  halved  (lengths  =  0,52  m  and 
0,26  m),  so  as  to  obtain  a  first  quarter-wavelength 
at  7,2  MHz,  the  other  appearing  at  3,6  MHz  :  these 
two  frequencies  are  effectively  absorbed  to  a  high 

55  degree. 
The  above  shows  the  method  of  synthezising 

partial  response  curves,  in  order  to  achieve, 
amongst  others,  a  continuous  absorption  curve. 

4 
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This  is  shown  clearly  by  several  additional  tests. 
For  example,  three  elements  of  helical  lines 
(lengths  =  1,04,  0,52  and  0,26  m)  separated  by 
two  straight  low-pass  conductor  lines  of  1,65  m 
length  show  a  "broad  band"  response,  with  essen- 
tially  the  suppression  of  all  resonances  (figure  7). 
With  a  3  dB  cut-off  frequency  at  approximately  200 
kHz,  the  attenuation  reaches  33  dB  at  2,0  MHz, 
and  an  attenuation  equal  to  or  in  excess  of  40  dB 
is  achieved  from  2,6  MHz  to  above  20  GHz. 

A  final  addition  of  a  0,13  m  long  helical  line, 
decoupled  by  still  another  length  of  1  ,65  m  of  the 
straight  coaxial  line,  shows  the  results  of  figure  8. 

This  implementation,  despite  the  fact  that  it  is 
not  optimized,  demonstrates  the  very  significant 
broad-band  filter  action,  made  possible  by  the  in- 
vention. 

It  can  be  further  deduced  that  for  a  given  total 
length  of  lines,  higher  values  of  attenuation  can  be 
achieved  than  with  a  uniform  absorptive  line  of 
equal  length  composed  totally  of  the  line  of  the 
highest  attenuation. 

In  the  same  way,  attenuation  slopes  can  be 
much  higher,  as  indeed  the  slope  is  proportional  to 
the  interface  reflexions  (compare  slope  of  figures  3 
or  4  to  figures  5  or  6). 

The  first  slope,  before  the  first  quarter- 
wavelength  is  important  in  filter  design  :  it  can  be 
placed  anywhere  one  wishes  within  the  absorptive 
spectrum  of  the  lines,  through  the  correct  choice  of 
the  attenuation  of  the  specific  element  (length  of 
cable),  in  conjunction  with  the  appropriate  choice  of 
the  lengths  of  the  quarter-wavelength  elements. 

Such  line  types,  as  well  as  their  lengths,  are 
obviously  not  limited  in  their  structures  and  im- 
plementations  :  the  realization  of  different  char- 
acteristic  impedances  is  well  known  in  the  art  : 
similarly,  loss  effects  which  have  been  shown  to  be 
indispensable,  may  be  of  any  type. 

Magnetic  and  dielectric  loss  wires  and  cables, 
as  described  in  my  US-patent  application  CIP- 
N°  202654,  maximise  performance,  as  shown 
through  these  examples. 

The  second  case  considered  is  the  use  of 
electrical  lines  interfaced  with  lumped  components, 
shunt  capacitors  and/or  series  inductors,  amongst 
others,  introducing  an  impedance  discontinuity. 

In  figure  9,  test  results  are  shown  with  a  length 
1  ,65  m  of 

a)  a  straight  normal  copper  cable  and 
b)  an  absorptive  cable,  interfaced  on  both  sides 
with  4,7  nF  classical  capacitors  (not  of  the  feed- 
through  type),  soldered  with  "pigtails"  of  about  5 
mm  length. 
Curve  a),  with  the  low-loss  cable,  shows  clearly 

the  reflection  effects,  due  to  the  cable,  and  a 
typical  increase  of  attenuation  up  to  30  MHz,  the 
resonant  frequency  of  the  capacitors.  Above  30 

MHz  where  the  capacitors  become  inductive,  they 
contribute  little  to  the  attenuation  interface  reflec- 
tions  appear  clearly,  separated  by  29  MHz  -  i.e.  the 
half-wavelength  of  the  length  of  the  cable,  as  one 

5  can  check  easily,  taking  in  account  the  relative 
permittivity  of  3  of  the  dielectric.  Such  a  high 
frequency  attenuation  is  impractical  for  use  as  a 
filter. 

Curve  b)  corresponds  to  the  implementation 
io  with  the  lossy  cable  of  figure  1.  The  first  quarter- 

wavelength,  at  8,5  MHz  shows  up  clearly;  as  well 
as  the  attenuation  maximum  at  the  capacitor's  self- 
resonance.  Above,  the  mismatch  loss  effect  contri- 
butes  to  an  overall  attenuation  superior  to  60  dB, 

is  up  to  and  above  10  GHz. 
In  a  similar  fashion,  one  can  place  two  induc- 

tors  in  series  with  a  low  pass  cable  :  the  results  are 
identical,  with  the  manifestation  of  the  self-reso- 
nance  of  the  inductors.  One  may  use,  as  well, 

20  series  inductors  in  combination  with  parallel  capaci- 
tors,  etc.,  to  introduce  the  impedance  discontinuit- 
ies  on  the  line. 

An  immediate  application  of  such  a  combina- 
tion  of  one  (or  several)  elements  of  low-pass  cables 

25  (described  in  case  b)  above),  with  lumped  compo- 
nents  at  the  interfaces,  is  the  implementation  of 
power-line  extension  cords,  with  built-in  low-pass 
filter  action  where,  for  example,  the  lumped 
component(s)  are  placed  inside  the  connectors;  if 

30  one  considers  that  the  low-pass  cable  can  be 
wound  and  placed  inside  a  box,  with  the  interface 
components,  then  classical  black-box  filters,  can 
also  be  achieved. 

So  as  to  show  the  general  use  of  these  princi- 
35  pies,  as  described  in  the  invention,  three  other 

examples  will  be  shown,  in  different  product  areas, 
in  figures  10  to  12. 

In  figure  10,  the  case  of  a  strip-line  low-pass 
filter  is  considered  : 

40  This  filter  consists  in 
-  a  conductive  substrate 
-  a  magnetic  absorptive  tape  of  3  cm  width  and 

2  mm  thickness 
-  a  "hot"  electrode  implemented  by 

45  a)  two  segments  of  3  cm  width  and  10  cm 
long  of  characteristic  impedance  of  10  0, 
separated  by  one  segment  of  1  mm  width 
and  8  cm  long,  resulting  in  a  characteristic 
impedance  of  approximately  100  0. 

50  b)  one  segment  only  of  28  cm  length  of  10  0 
of  characteristic  impedance. 

Curve  a)  shows  the  interfacial  losses  (with  a 
first  quarter-wavelength  resonance  at  160  MHz  ap- 
proximately),  due  to  the  discontinuity  with  the  50  0 

55  test-circuit  impedance. 
Curve  b)  shows  the  mismatch  losses  (with  a 

first  quarter-wavelength  resonance  at  45  MHz),  i.e. 
approximately  a  third,  which  is  due  to  the  fact  that 

5 
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the  100  0  line  segment  is  three  times  the  length  of 
the  conductor  in  curve  a). 

This  is  a  typical  case,  where  superimposing  of 
multiple  resonances  (4  impedance  jumps)  permits 
better  low-pass  performance,  for  a  given  overall 
length  of  the  line.  This  is  a  typical  example  of  low- 
pass  filter  implementation  on  striplines,  or  on  print- 
ed  circuits. 

In  figure  1  1  ,  the  line  element  with  characteristic 
impedance  discontinuities  consists  of  a  small  co- 
axial  component,  which  may  be  placed  in  the  inner 
bore  of  an  automotive  spark-plug.  Curve  a)  shows 
the  measured  attenuation  with  a  semi-conductive 
layer  resistor  of  16  K  0,  a  classical  component 
used  for  ignition-interference  suppression  in  the 
USA.  The  curve  serves  as  reference,  so  as  to  show 
the  vastly  improved  performance  possible,  in  the 
useful  30  MHz  to  1  GHz  frequency  range  (SAE 
standard  J  551). 

Curve  b)  shows  a  classical  inductor,  on  a  ce- 
ramic  core,  used  too  as  a  high  volume  suppressor 
item  in  the  USA.:  one  can  see  clearly  the  nu- 
merous  interface  resonances  (with  X/4  =  25  MHz)  - 
resonances  which  are  barely  damped,  as  this  in- 
ductor  has  very  low  losses. 

Curve  c)  corresponds  to  an  inductor  of  170  M.H, 
wound  with  less  turns  than  the  inductor  in  b)  ar- 
ound  an  absorptive  magnetic  core,  using  the  com- 
posites  described  earlier.  Resonances  are  heavily 
damped,  and  one  can  see  clearly  the  superim- 
position  of  the  self-resonance  of  the  inductor 
(compare  with  figure  9  and  the  above  text  describ- 
ing  a  series  inductor,  with  its  self-resonance). 

This  example  further  illustrates,  that  at  higher 
frequencies,  in  a  quasi-coaxial  structure  (i.e.  with 
the  presence  of  ground  a  component  behaves  like 
a  length  of  an  electrical  line  :  if  now  the  char- 
acteristic  impedance  of  such  a  four-pole  structure 
is  quite  different  from  the  impedance  of  the  inter- 
faces  (which  is  clearly  the  case  here  ,  interfacial 
losses  will  appear,  whenever  a  basic  intrinsic  loss 
is  present. 

These  mismatch  losses  give  an  essential  ad- 
vantage  to  such  a  component,  in  specific  applica- 
tions  :  for  identical  overall  dimensions  of  the  com- 
ponent  ,  the  inductor  c)  shows  a  distinctive  im- 
provement  in  the  RFI-attenuation,  resulting  in  less 
conducted  and  radiated  ignition-interference  . 

This  type  of  distributed  spark  plug  inductor 
can,  of  course,  be  an  integral  part  of  the  ignition 
wire,  as  an  extension  of  the  spark-plug  circuit.  In 
such  a  case,  a  segment  of  high  characteristic  im- 
pedance  cable  is  placed,  for  example,  at  both  ends 
of  the  ignition  wire,  i.e.  close  to  the  RFI  sources 
(the  spark  plug  and  distributor  sparks),  each  of 
them  representing,  for  example,  quarter- 
wavelengths  for  one  or  two  selected  frequencies, 
where  an  attenuation  pole  is  desirable,  as,  for  ex- 

ample,  at  30  MHz,  the  lowest  frequency  to  be 
suppressed,  of  the  CISPR  spectrum;  the  central 
part  of  the  cable  showing  a  reduced  characteristic 
impedance,  and  representing  the  decoupling  line 

5  segment.  One  can  verify  that  an  optimum  attenu- 
ation  vs  frequency  design  can  be  achieved,  with 
better  low  frequency  absorption  (where  the  mag- 
netic  absorption  is  low)  and  the  possibility  of  a  less 
expensive  design  through  the  use  of  less  conductor 

io  length  for  a  given  length  of  the  cable. 
The  same  small  absorptive  and  inductive  com- 

ponent,  can  of  course  be  placed  close  to  a  circuit 
board  ground  plate,  implementing  an  "open"  four- 
pole  structure,  and  soldered  as  any  classical  com- 

15  ponent  or  surface-mound  device  :  similar  broad- 
band  attenuation  characteristics  will  be  obtained  - 
completely  different  from  classical  "chokes",  show- 
ing  a  self-resonance  in  the  10  MHz  range,  fre- 
quency  above  which  there  will  be  no  choke  effect 

20  any  more. 
In  the  following,  several  typical  line  implemen- 

tations  will  be  described,  with  coexistant  very  low 
and  very  high  characteristic  impedances,  following 
the  invention.  The  known  art  can  be  applied  for 

25  such  a  design,  by  inspection  of  known  equations 
for  characteristic  impedance  calculations.  For  ex- 
ample,  for  a  coaxial  structure,  the  equation  for 
characteristic  impedance  shows  : 

-  for  the  design  of  a  low  impedance,  one  has 
30  to  use  : 

•  a  high  permittivity  for  the  insulation 
•  a  ratio  of  screen  to  conductor  diameter 

close  to  one  (or  in  an  open  structure,  a 
conductor  close  to  ground  or  to  the  return 

35  wire) 
•  a  series  inductance  of  the  line  as  low  as 

possible,  i.e.  a  straight  conductor,  and  a 
reduced  space  (of  external  inductance), 
with  the  absence  of  (a  high)  magnetic  per- 

40  meability. 
-  for  the  design  of  a  high  an  impedance  line,  to 

be  interconnected  with  the  above  line,  to 
achieve  a  significant  impedance  jump  ,  one 
needs,  on  the  contrary  : 

45  •  a  low  permittivity  of  the  insulating  layer, 
with  the  use  of  an  air-space  or  foamed 
materials 

•  a  high  value  of  conductor  to  screen, 
ground,  or  return  conductor  spacing 

50  •  a  line  inductance  as  high  as  possible,  with, 
in  particular,  the  use  of  magnetic  materials 
and  helical  conductors. 

In  the  particular  case  of  lines,  where  the 
ground  or  return  conductor  is  far  away  (wires  in 

55  free  space,  as  for  example  hook-up  wires,  ignition 
wires,  common  mode  suppressor  cables,  etc),  one 
can  merely  adjust  accordingly  the  series  induc- 
tance  of  the  line,  with  (absorptive)  magnetic  materi- 

6 
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als  :  helixes  with  widely  different  pitches  are  then 
useful.  The  inverse  is  true,  when  ground  is  close  to 
the  conductor,  where  action  can  be  taken  essen- 
tially  through  the  shunt  parameters  of  the  line. 

Figures  1  and  2  describe  the  design  of  two 
such  lines  to  achieve  a  significant  discontinuity  of 
characteristic  impedance  :  as  their  structures  are 
different,  their  application  is  useful,  above  all,  for 
interconnected  networks,  where  different  kinds  of 
cables  are  connected  together.  With  these  exam- 
ples,  a  ratio  Z01/Z02  of  38  is  achieved,  but  obvi- 
ously  smaller  discontinuities  whilst  showing  lesser 
attenuation,  are  nevertheless  useful.  With  the  above 
mentioned  principles,  it  is  easy  to  see,  that  a 
similar  result  may  be  obtained,  on  the  one  hand 
with  open  low-pass  wires  (hook-up  wire  or  common 
mode  suppression  coaxial  cable  placed  close  to 
one  another  or  to  ground,  or  a  return  wire)  and  on 
the  other  hand,  the  same  wire  or  cable  coiled,  far 
from  ground.  Such  layouts  correspond  to  particu- 
larly  simple  and  inexpensive  implementations  of 
elementary  interfacial  loss  networks.  For  example, 
an  absorptive  hook-up  wire  layout,  such  as  power 
supply  lines,  interconnecting  lines,  etc.,  of  about  30 
cm  length,  inside  an  electronic  instrument,  using  a 
straight  mid-section  of  15  cm  length,  close  to 
ground,  and  two  coiled  end  sections  of  coil  diam- 
eter  of  4  mm  ,  suspended  in  free  air,  (or  greater 
coil  diameter,  with  three  or  four  turns,  flattened  and 
placed  close  to  ground),  show  approximately  dou- 
ble  the  attenuation  (compared  to  the  same  length 
of  strait  hook-up  wire,  placed  close  to  ground)  in 
the  40  to  100  MHz  range  (i.e.  10  to  20  dB  approxi- 
mately,  instead  of  5  to  10  dB). 

It  is  still  another  object  of  the  invention  to 
describe  continuous  cable  structures,  where  the 
characteristic  impedance  discontinuity  is  included, 
by  manufacture  . 

The  same  principles  apply  and  show  many 
different  possible  means  of  implementation  A  few 
examples  which  are  not  exhaustive  will  be  given: 

-  variation  of  the  permittivity  of  the  dielectric, 
for  a  given  geometry,  with  a  straight  or  helix 
conductor 

-  variation  of  the  composition  of  an  absorptive 
composite,  so  as  to  show  ad  hoc  values  of 
permittivity  and/or  permeability  variations  of 
the  classical  insulating  material  to  a  magnetic 
insulator 

-  abrupt  variation  of  the  pitch  of  an  helix,  vary- 
ing  from  a  very  long  pitch  (equivalent  to  a 
straight  conductor)  to  a  very  short  pitch 
(down  to  close-wound  helix).  This  last  solu- 
tion  is  of  special  interest  in  the  case  of  a 
more  distant  ground  reference  (ignition  ca- 
bles,  for  example). 

Numerous  variants  can  thus  be  conceived, 
which  can  be  manufactured  by  continuous  extru- 

sion  process,  with  a  double  injection  head,  with 
winding  machines  with  controlled  advance  of  the 
core,  etc.  Other  variants  may  be  processed  with 
the  inclusion,  during  automatic  manufacture,  of 

5  quasi-lumped  cores,  washers,  halfsegments  etc,  of 
appropriate  electrical  and/or  magnetic  characteris- 
tics,  similar  to  the  manufacturing  of  certain  coaxial 
cables,  where  the  centre  conductor  is  kept  in  place, 
by  intervals,  by  dielectric  washers. 

10  Similar  considerations  are  applicable  to  other 
line,  cable,  filter  structures  in  the  broadest  sense, 
as  already  emphasized  :  i.e.  all  wave  propagating 
structures,  with  distributed  line  constants,  where  an 
assembly  with  widely  different  characteristic 

15  impedances/lumped  impedance  segments  can  be 
achieved. 

To  summarise  the  first  aspect  of  the  invention 
describes  the  possibility  to  design  lossy  filters,  by 
assembling  of  different  lines  and  lengths,  or  by  a 

20  continuous  manufacturing  process. 
A  further  subject  to  be  considered  is  the  case 

of  different  lines,  in  a  network,  with  multiple  inter- 
connections.  This  is  the  case,  for  example,  in  the 
internal  wiring  of  an  electronic  apparatus,  instru- 

25  ment,  or,  on  a  higher  level,  the  wiring  of  a  system, 
on  a  ship,  a  plane,  a  satellite  etc,  where  elec- 
tromagnetic  compatibility  is  to  be  achieved  to  pro- 
tect  against  various  phenomena  such  as  EMP. 

A  third  subject  to  be  considered  is  the  case  of 
30  an  industrial  power  distribution  network,  with  uni- 

form  wire/cable  segments,  but  with  different  im- 
pedances  and/or  with  correctly  placed  lumped  im- 
pedances,  in  the  network. 

Obviously,  in  the  second  and  third  subjects 
35  above  ,  the  longer  lengths  of  the  wires/cables  of 

the  network,  allow  the  implementation  of  lower  cut- 
off  frequencies,  and,  possibly,  as  low  as  the  fre- 
quency  harmonics  of  the  power  supply  itself  :  the 
interest  for  harmonic  suppression  due  to  electronic 

40  commutation  for  example  DC-motors,  due  to  semi- 
conductor  power-switching  (Triacs,  etc)  is  evident. 

Figure  12  shows  an  example  of  the  implemen- 
tation  of  the  invention,  in  a  uniform  low-pass  power 
distribution  line.  Whereas,  the  low-pass  line  alone, 

45  for  a  20  m  length,  shows  a  20  dB  attenuation  for 
about  10  MHz  -  the  addition  of  a  lumped  22  nF 
capacitor  at  each  end,  gives  the  networks  a  20  dB 
attenuation  for  a  frequency  as  low  as  1  MHz. 

In  addition  to  such  power  network  applications, 
50  with  the  concept  of  RF-decoupling  from  one  point 

of  the  network  to  the  other,  the  application  to 
electrical  train  overhead  power  lines  and  high-volt- 
age  power  lines  is  possible  ,  where  greater  line 
lengths  are  used  with  the  corresponding  possibili- 

55  ties  of  increased  attenuation.  In  such  a  case,  the 
implementation  of  characteristic  impedance  discon- 
tinuity  is  limited  to  the  addition  of  certain  lumped 
components,  to  the  variation  of  ground  (and  inter- 
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wire)  capacity,  and  to  variations  of  distributed  se- 
ries  inductance  :  the  artificial  skin  effect  in  my  US- 
patent  N  °  3573676  is  a  typical  method  to  introduce 
simultaneously  the  required  minimum  loss  as  well 
as  the  characteristic  impedance  discontinuity. 

In  all  the  above  description  of  my  invention 
several  line  structures  have  been  cited  in  the  ex- 
amples  :  obviously  any  type  of  wave  propagating 
structure  may  be  used  -  in  which  the  four-pole 
nature  can  describe  a  characteristic  impedance,  as 
well  as  an  attenuation. 

Such  wave  propagating  structures  may  be 
open  or  closed  (the  above-mentioned  hook-up  wire 
close  to  ground,  or  the  coaxial  line);  they  may  be 
symmetrical  or  dissymetrical  (for  example,  twinaxial 
cable,  twisted  pair,  etc),  they  may  be  straight  or 
helical. 

Finally  the  low-pass  function  may  be  applied 
separately  to  the  differential  mode  (example:  co- 
axial  cable)  or  to  the  common  mode  (for  example: 
common  mode  suppressor  cable,  where  the  ab- 
sorptive  function  is  achieved  at  the  external  side  of 
a  coaxial  line,  etc),  or  mixed  structures  with  se- 
lected  absorption  of  the  two  modes  -  as  described 
for  example  in  my  US-patent  application  N°351 
493. 

The  above  examples  have  been  described  with 
magnetic  absorptive  low-pass  lines/cables,  where 
the  attenuation  increased  with  frequency  -  accord- 
ingly  to  the  invention,  and  the  absorption  spectrum 
of  the  lines/cables/filters  has  been  extended  to- 
wards  lower  frequencies. 

Similarly,  the  interfacial  loss  effect  described, 
can  be  used  to  increase  the  absorption  in  the 
frequency  range  where  the  applied  physical  loss- 
effects  decrease  for  increasing  frequencies  :  this  is 
the  case  above  5  to  50  GHz,  which  is  dependant 
on  the  particular  magnetic/dielectric  materials  used. 

Claims 

1.  Electromagnetic  filter  composed  of  at  least  one 
electrical  line  or  another  distributed  wave  prop- 
agating  structure  with,  connected  at  one  or 
both  of  its  ends,  at  least  one  other  distributed 
line  or  lumped  component,  characterised  in 
that  the  one  electrical  line  has  a  length  of  at 
least  a  quarter  of  the  wavelength  correspond- 
ing  to  the  stopband  of  the  electromagnetic 
filter  and  provides  a  loss  of  at  least  2  dB  and 
that  the  characteristic  impedances  of  the  con- 
nected  distributed  lines  and/or  the  impedances 
of  the  lumped  components  are  chosen  such 
that  impedance-discontinuties  are  introduced 
compared  with  the  characteristic  impedance  of 
the  one  electrical  line  or  wave  propagating 
structure. 

2.  Electromagnetic  Filter,  according  to  claim  1, 
characterized  by  implementation  of  such  elec- 
tromagnetic  losses  by  electric  and/or  magnetic 
absorption  losses,  by  normal  and  artificial  skin 

5  effect,  by  simulated  skin  effect,  by  eddy  cur- 
rent  and  proximity  effects,  and  other  physical 
loss  effects,  inside  the  specific  frequency 
range. 

io  3.  Electromagnetic  Filter,  according  to  claims  1  or 
2,  characterized  by  a  minimum  number  of  2 
characteristic  impedance  discontinuities,  so  as 
to  produce  the  interfacial  losses,  and  by  the 
appearance,  for  significant  discontinuities,  of 

is  interfacial  losses  equal  to  half  of  the  square 
root  of  the  ratio  of  the  impedance  discontinuity. 

4.  Electromagnetic  Filter,  according  to  claims  1  to 
3,  characterized  by  at  least  one  distributed 

20  mismatched  line  element  representing  an  odd 
quarter-wavelength  multiple  for  a  given  fre- 
quency,  at  which  it  represents  a  maximum  of 
attenuation. 

25  5.  Electromagnetic  Filter,  according  to  clams  1  to 
3,  characterized  by  at  least  one  line  element 
representing  a  halfwave  multiple  for  a  given 
frequency,  at  which  it  represents  a  minimum  of 
attenuation. 

30 
6.  Electromagnetic  Filter  ,  according  to  claims  1 

to  5,  characterized  by  the  cascading  of  several 
mismatched  line  elements  (with  decoupling  in- 
terface  lines)  and  presenting  an  addition  of  the 

35  attenuation  characteristics. 

7.  Electromagnetic  Filter,  according  to  claim  6, 
characterized  by  cascading  of  several  odd 
multiple  quarter-wave  elements  (with  decoupl- 

40  ing  interface  lines)  and  presenting  a  pole  of 
attenuation  for  the  corresponding  frequencies, 
so  as  to  increase  absorption  at  certain  fre- 
quencies,  with  a  maximum  attenuation  slope, 
proportional  to  the  number  of  cascaded  ele- 

45  ments. 

8.  Electromagnetic  Filter,  according  to  claims  4  to 
7,  characterized  by  the  cascading  of  several 
elements  of  different  electrical  lengths  (with 

50  decoupling  interface  lines),  so  as  to  achieve  (at 
given  frequency)  the  superposition  of  maxi- 
mum  attenuation  effect  (with  odd  quarter-wave 
line  segments),  with  the  minimum  attenuation 
effects,  as  shown  by  multiple  halfwave  seg- 

55  ments,  so  as  to  broaden  overall  attenuation 
versus  frequency,  and  to  cancel  out  absorption 
minima. 

8 
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9.  Electromagnetic  Filter,  according  to  claims  1  to 
3,  characterized  by  at  least  one  distributed  line 
element  and  at  least  one  lumped  series  induc- 
tor  component,  and/or  one  lumped  shunt  ca- 
pacitor  component. 

10.  Electromagnetic  Filter,  according  to  claim  9, 
characterized  by  the  fact  that  at  least  one  of 
the  lines  or  components  has  to  show  intrinsic 
absorption,  according  to  claim  2. 

11.  Electromagnetic  Filter,  according  to  claims  9 
and/or  10,  characterized  by  the  fact  that  the 
component(s)  which  introduce  discontinuity  is 
itself  characterized  by  non-ideal  inductive  or 
capacitive  behaviour,  i.e.  introducing  one  or 
several  eigenresonances,  and  that  these  are 
combined  with  the  mismatch-filter  effect  so  as 
to  achieve  a  maxima  of  attenuation,  maxima  of 
attenuation  slope  and/or  a  further  broadening 
of  the  filter  performance. 

12.  Electromagnetic  Filter,  according  to  claims  1  to 
1  1  ,  characterized  by  the  positioning  of  the  mis- 
match  loss  effect  onto  the  (small)  intrinsic 
losses  of  the  lines  and/or  components,  accord- 
ing  to  claim  1  ,  in  the  increasing  losses  (versus 
frequency)  portion  of  the  spectrum,  so  as  to 
extend  the  useful  filter  effect  towards  lower 
frequencies,  or  in  the  decreasing  losses 
(versus  frequency)  portion  of  the  spectrum,  so 
as  to  extend  the  useful  filter  effect  towards 
higher  frequencies. 

13.  Electromagnetic  Filter,  according  to  claims  1  to 
12,  characterized  by  the  application  of  the  im- 
proved  low-pass  function  to  differential  mode 
propagation  on  the  Filter,  to  commun  mode 
propagation  on  the  Filter,  or  to  both  together. 

14.  Electromagnetic  Filter,  according  to  claims  1  to 
13,  characterized  by  the  application  to  a  line  or 
any  electro-magnetic  propagation  structure,  of 
the  closed  type  (coaxial  cable,  twisted  pair, 
etc)  or  of  the  open  type  (hook-up  wire,  com- 
mon  mode  suppressor  coaxial  cable,  etc)  or  to 
any  structure  using  both. 

15.  Electromagnetic  Filter,  according  to  claims  1  to 
14,  characterized  by  a  continuously  manufac- 
tured  cable-like  structure,  introducing  the  im- 
pedance  discontinuities  by 
continuous/discontinuous  processing  tech- 
nique. 

16.  Electromagnetic  Filter,  according  to  claims  1  to 
14,  characterized  by  a  cascade  of  different 
characteristic  impedance  wires,  cables,  filters 

interconnected  in  situ,  as  in  the  practical  case 
of  the  wiring  of  electrical/electronic  apparatus, 
signal  and  power  distribution  network's. 

5  17.  Electromagnetic  Filter,  according  to  claims  1  to 
15,  characterized  by  a  low-pass  wire/cable/filter 
in  association  with  one  or  several  lumped  se- 
ries  inductors  and/or  series  shunt  capacitors, 
advantageously  placed  inside  connectors,  for 

io  the  implementation  of  filter  power-line  exten- 
sion  cords,  and  power  supplies  for  filtered  ap- 
pliances. 

18.  Electromagnetic  Filter,  according  to  claims  1  to 
is  17,  characterized  by  a  lossy  coaxial  distributed 

constants  inductor  as  high  characteristic  im- 
pedance  line  segment,  interfaced  with  lower 
impedance  circuits,  as  a  broad-band  RFI-sup- 
pressor  component  for  electronic  circuits. 

20 
19.  Electromagnetic  Filter,  according  to  claim  18, 

characterized  by  the  implementation  of  the 
lossy  high  characteristic  impedance  line  seg- 
ment,  as  a  filter  component,  to  be  used  in  a 

25  coaxial  configuration  (spark  plug  RFI  inductor), 
or  a  close  to  ground  configuration  (use  on 
ignition  wires,  electronic  PC-board  application). 
43 

30  20.  Electromagnetic  Filter,  according  to  claims  1  to 
19,  characterized  by  one/several  elements  of 
low-pass  lines  with  high  characteristic  imped- 
ance,  with  one  or  several  decoupling  interface 
line  segment(s)  of  low  characteristic  imped- 

35  ance,  as  used  as  an  automotive  ignition  inter- 
ference  suppressor  cable,  and  characterized 
by  the  positioning  of  the  high  impedance  seg- 
ments  close  to  the  interference  sources,  i.e. 
the  ends  of  the  cable. 

40 
21.  Electromagnetic  Filter,  according  to  claim  20, 

characterized  by  a  cable  with  an  alternate 
close  wound  and  spaced  winding  pitch,  with 
abrupt  transitions  ,  to  achieve  interfacial  losses 

45  on  an  automotive  ignition  wire,  with  advanta- 
geously  cascading  of  one  or  several  absorption 
poles,  according  to  claims  5  and  8,  inside  the 
CISPR/SAE  frequency  band,  for  the  RFI-sup- 
pression  of  land-mobiles  and  in  particular  spe- 

50  cific  suppression  frequencies  (CB,  radio,  tele- 
phone,  cellular  telephone,  etc),  and  possibly 
outside  the  CISPR/SAE  band,  for  further  sup- 
pression  requirements  (radio,  TV,  communica- 
tions,  etc). 

55 
22.  Electromagnetic  Filter,  according  to  claims  1  to 

21,  which  is  achieved  by  an  absorptive  open 
wire/line,  with  interfacial  losses  to  improve  the 

9 
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filter  performance  of  a  connection  in  situ  : 
-  with  one  or  several  low  characteristic  im- 

pedance  segments  (straight  wire  placed 
close  to  ground),  interfaced  with  a  higher 
characteristic  impedance  network,  5 

-  with  one  or  several  high  characteristic 
impedances  segments  (the  same  straight 
wire  far  from  ground  and/or  coiled  as  a 
helix)  interfaced  with  a  lower  characteris- 
tic  impedance  network,  10 

-  with  both  implementations  combined,  in 
the  same  electrical  interconnexion, 

such  filters  being  useful  in  black-box  filters,  in 
particular  for  the  extension  to  higher  frequen- 
cies  of  the  traditional  Limited  black-box  filter  is 
attenuation  performances. 

23.  Electromagentic  Filter,  according  to  claims  1  to 
22,  for  the  implementation  of  at  least  partially 
flexible  filter-lines,  using  flexible  line  elements  20 
made  by  conventional  cable-processing  tech- 
nique  (extrusion,  etc). 

24.  Electromagnetic  Filter,  according  to  claims  1  to 
22,  for  the  implementation  of  semirigid  or  es- 
sentially  rigid  filters  in  stripline,  printed  circuit 
board  and  integrated  filter  technology. 

25.  Electromagnetic  Filter,  according  to  claims  1  to 
23,  where  the  main  conductor/s  are  bare,  for 
the  filtering  of  high-voltage  lines,  electrical  train 
power-  supply  lines  etc. 

26.  Electromagnetic  Filter,  according  to  claims  1  to 
25,  where  interconnections  of  signal/power 
supply  network  lines/cables,  use  the  mismatch 
loss  approach,  so  as  to  achieve  given  attenu- 
ation  versus  frequency  performance  between 
given  inlets/outlets  of  the  networks. 

Revendicatlons 

1.  Filtre  electromagnetique  compose  d'au  moins 
une  ligne  electrique  ou  une  autre  structure  a 
propagation  d'onde  distribute,  ayant,  connec- 
ted  a  une  de  ses  extremites  ou  a  ses  deux 
extremites,  au  moins  une  autre  ligne  distribute 
ou  un  composant  localise,  caracterise  en  ce 
que  la  au  moins  une  ligne  electrique  a  une 
longueur  d'au  moins  un  quart  de  la  longueur 
d'onde  correspondant  a  la  bande  de  coupure 
du  filtre  electromagnetique  et  represente  une 
perte  d'au  moins  2  dB  et  en  ce  que  les  impe- 
dances  caracteristiques  des  lignes  distributes 
connectees  et/ou  les  impedances  caracteristi- 
ques  des  composants  localises  sont  choisies 
telles  que  des  discontinuity  d'impedance  sont 
introduites,  comparees  a  I'impedance  caracte- 

ristique  de  la  au  moins  une  ligne  electrique  ou 
structure  a  propagation  d'onde. 

2.  Filtre  electromagnetique  selon  la  revendication 
5  1,  caracterise  par  la  mise  en  oeuvre  de  telles 

pertes  electromagnetiques  par  perte  d'absorp- 
tion  electrique  et/ou  magnetique,  par  effet  de 
peau  normal  et  artificiel,  par  effet  de  peau 
simule,  par  courant  de  Foucault  et  effets  de 

io  proximite,  et  par  d'autres  effets  physiques  de 
perte,  dans  la  plage  de  frequence  specifique. 

3.  Filtre  electromagnetique  selon  la  revendication 
1  ou  la  revendication  2,  caracterise  en  ce  que 

is  les  discontinues  d'impedance  caracteristiques 
sont  au  moins  egales  a  2  de  fagon  a  produire 
les  pertes  interfaciales,  et  caracterise  par  I'ap- 
parition  pour  des  discontinues  significatives, 
de  pertes  interfaciales  egales  a  la  moitie  de  la 

20  racine  carree  du  rapport  de  la  discontinuity 
d'impedance. 

4.  Filtre  electromagnetique  selon  les  revendica- 
tions  1  a  3,  caracterise  par  au  moins  un  ele- 

25  ment  de  ligne  distribute  desadaptee  represen- 
tant  un  multiple  impair  du  quart  de  la  longueur 
d'onde  pour  une  frequence  donnee  a  laquelle 
il  represente  un  maximum  d'attenuation. 

30  5.  Filtre  electromagnetique  selon  les  revendica- 
tions  1  a  3,  caracterise  par  au  moins  un  ele- 
ment  de  ligne  representant  un  multiple  de 
demi-onde  pour  une  frequence  donnee,  a  la- 
quelle  il  represente  un  minimum  d'attenuation. 

35 
6.  Filtre  electromagnetique  selon  les  revendica- 

tions  1  a  5,  caracterise  par  la  mise  en  cascade 
de  plusieurs  elements  de  ligne  desadaptes 
(avec  des  lignes  d'interface  pour  le  decoupla- 

40  ge)  et  presentant  une  addition  des  caracteristi- 
ques  d'attenuation. 

7.  Filtre  electromagnetique  selon  la  revendication 
6,  caracterise  par  la  mise  en  cascade  de  plu- 

45  sieurs  elements  multiples  impairs  de  quart 
d'onde  (avec  des  lignes  d'interface  pour  le 
decouplage)  et  presentant  un  pole  d'attenua- 
tion  pour  les  frequences  correspondantes.de 
fagon  a  augmenter  I'absorption  a  certaines  fre- 

50  quences,  avec  une  pente  d'attenuation  maxi- 
male  proportionnelle  au  nombre  d'elements 
mis  en  cascade. 

8.  Filtre  electromagnetique  selon  les  revendica- 
55  tions  4  a  7,  caracterise  par  la  mise  en  cascade 

de  plusieurs  elements  de  differentes  longueurs 
electriques  (avec  des  lignes  d'interface  de  de- 
couplage)  de  fagon  a  obtenir  (a  une  frequence 

10 



19 EP  0  147  248  B1 20 

donnee)  la  superposition  de  I'effet  d'attenua- 
tion  maximum  (avec  des  segments  de  ligne 
quart  d'onde  impaires),  avec  les  effets  d'atte- 
nuation  minimum  comme  presented  par  des 
segments  multiples  de  demi-onde,  de  fagon  a 
elargir  I'attenuation  generale  par  rapport  a  la 
frequence,  et  a  supprimer  les  minima  d'ab- 
sorption. 

9.  Filtre  electromagnetique  selon  les  revendica- 
tions  1  a  3,  caracterise  par  au  moins  un  ele- 
ment  de  ligne  distribute  et  au  moins  un  com- 
posant  localise  d'inductance  en  serie  et/ou  un 
composant  localise  de  capacite  en  derivation. 

10.  Filtre  electromagnetique  selon  la  revendication 
9,  caracterise  en  ce  qu'au  moins  une  des 
lignes  ou  un  des  composants  presente  une 
absorption  intrinseque  selon  la  revendication  2. 

11.  Filtre  electromagnetique  selon  la  revendication 
9  ou  la  revendication  10,  caracterise  en  ce  que 
le  ou  les  composant(s)  qui  introduisent  la  dis- 
continuity  sont  euxmemes  caracterises  par  un 
comportement  inductif  ou  capacitif  non  ideal, 
c'est-a-dire  introduisent  une  ou  plusieurs  reso- 
nances  propres,  et  en  ce  que  celles-ci  sont 
combinees  avec  les  effets  de  filtre  a  desadap- 
tation  pour  obtenir  un  maximum  d'attenuation, 
un  maximum  de  pente  d'attenuation  et/ou  un 
elargissement  supplemental  de  I'efficacite  du 
filtre. 

12.  Filtre  electromagnetique  selon  les  revendica- 
tions  1  a  11,  caracterise  par  le  positionement 
de  I'effet  de  perte  par  desadaptation  sur  les 
(petites)  pertes  intrinseques  des  lignes  et/ou 
des  composants,  selon  la  revendication  1, 
dans  la  partie  du  spectre  de  pertes  croissantes 
(par  rapport  a  la  frequence),  de  fagon  a  eten- 
dre  I'effet  utile  de  filtre  vers  les  frequences 
plus  basses  ou  dans  la  partie  du  spectre  de 
pertes  decroissantes  (par  rapport  a  la  frequen- 
ce),  de  fagon  a  etendre  I'effet  utile  de  filtre 
vers  les  frequences  plus  elevees. 

13.  Filtre  electromagnetique  selon  les  revendica- 
tions  1  a  12,  caracterise  par  I'application  de  la 
fonction  passe-bas  amelioree  a  la  propagation 
en  mode  differentiel  sur  le  filtre,  a  la  propaga- 
tion  en  mode  commun  sur  le  filtre,  ou  les  deux 
ensemble. 

14.  Filtre  electromagnetique  selon  les  revendica- 
tions  1  a  13,  caracterise  par  I'application  a  une 
ligne  ou  a  une  structure  a  propagation  electro- 
magnetique  quelconque,  du  type  ferme  (cable 
coaxial,  paire  torsadee,  etc.)  ou  du  type  ouvert 

(fil  de  connexion,  cable  coaxial  suppresseur  de 
mode  commun,  etc.)  ou  a  toute  structure  utili- 
sant  les  deux. 

5  15.  Filtre  electromagnetique  selon  les  revendica- 
tions  1  a  14,  caracterise  par  une  structure 
semblable  a  un  cable  fabrique  de  fagon  conti- 
nue,  introduisant  les  discontinues  d'impedan- 
ce  par  une  technique  de  traitement 

io  continu/discontinu. 

16.  Filtre  electromagnetique  selon  les  revendica- 
tions  1  a  14,  caracterise  par  une  cascade  de 
fils,  cables,  filtres  d'impedances  caracteristi- 

15  ques  differentes  interconnected  in  situ,  tel  que 
dans  le  cas  pratique  du  cablage  d'appareillage 
electronique/electrique,  de  reseau  de  distribu- 
tion  de  signal  et  de  puissance. 

20  17.  Filtre  electromagnetique  selon  les  revendica- 
tions  1  a  15,caracterise  par  un  fil/cable/filtre 
passe-bas  en  association  avec  une  ou  plu- 
sieurs  inductances  localisees  en  serie  et/ou 
capacites  localisees  en  parallele  en  serie, 

25  avantageusement  placees  a  I'interieur  des 
connecteurs,  pour  la  mise  en  oeuvre  de  pro- 
longateurs  filtres  et  cables  d'alimentation  d'ap- 
pareils  filtres. 

30  18.  filtre  electromagnetique  selon  les  revendica- 
tions  1  a  17  caracterise  par  I'utilisation  de 
I'inductance  coaxiale  de  pertes  a  constantes 
distributes  comme  segment  de  ligne  de  haute 
impedance  caracteristique  interface  avec  des 

35  circuits  de  plus  faible  impedance,  tel  qu'un 
composant  suppresseur  d'interferences  en 
radio-frequences  pour  circuits  electroniques. 

19.  Filtre  electromagnetique  selon  la  revendication 
40  18,  caracterise  par  la  mise  en  oeuvre  du  seg- 

ment  de  ligne  de  perte  de  haute  impedance 
caracteristique  comme  un  composant  de  filtre 
destine  a  etre  utilise  dans  une  configuration 
coaxiale  (inductance  d'interferences  radio-fre- 

45  quences  de  bougies)  ou  dans  une  configura- 
tion  pres  de  la  terre  (utilisation  sur  des  cables 
d'allumage,  application  aux  tableaux  de  PC 
electroniques). 

50  20.  Filtre  electromagnetique  selon  les  revendica- 
tions  1  a  19,  caracterise  par  un  ou  plusieurs 
elements  de  ligne  passe-bas  avec  une  haute 
impedance  caracteristique,  avec  un  ou  plu- 
sieurs  segments  de  ligne  d'interface  de  decou- 

55  plage  ayant  une  faible  impedance  caracteristi- 
que,  tel  qu'utilise  dans  un  cable  de  suppres- 
sion  d'interferences  dues  a  I'allumage  dans  un 
vehicule  automobile,  et  caracterise  par  le  posi- 

11 
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tionnement  des  segments  de  haute  impedance 
pres  des  sources  interference,  c'est-a-dire  les 
extremites  du  cable. 

21.  Filtre  electromagnetique  selon  la  revendication 
20,  caracterise  par  un  cable  ayant  un  pas 
d'enroulement  alternativement  petit  et  grand, 
avec  des  transitions  abruptes,  pour  obtenir  des 
pertes  interfaciales  sur  un  fil  d'allumage  de 
vehicule  automobile,  avec  avantageusement  la 
mise  en  cascade  d'un  ou  plusieurs  poles  d'ab- 
sorption  selon  les  revendications  5  a  8,  dans 
les  bande  de  frequence  CISPR/SAE,  pour  la 
suppression  d'interferences  radio-frequences 
de  mobiles  terrestres  et  en  particulier  la  sup- 
pression  specifique  de  frequences  (CB,  radio, 
telephone,  telephone  cellullaire,  etc.)  et  even- 
tuellement  a  I'exterieur  de  la  bande 
CISPR/SAE,  pour  des  necessites  de  suppres- 
sions  supplementaires  (radio,  TV,  communica- 
tions,  etc.). 

22.  Filtre  electromagnetique  selon  les  revendica- 
tions  1  a  21,  qui  est  obtenu  par  un  fil/une  ligne 
ouvert  (e)  absorbant  (e)  avec  des  pertes  inter- 
faciales,  pour  ameliorer  la  performance  de  fil- 
trage  d'une  connexion  in  situ  : 

-  avec  un  ou  plusieurs  segments  de  basse 
impedance  caracteristique  (fil  droit  place 
pres  de  la  terre),  interfaces  avec  un  re- 
seau  d'impedance  caracteristique  plus 
eleve, 

-  avec  un  ou  plusieurs  segments  d'impe- 
dance  caracteristique  elevee  (le  meme  fil 
droit  eloigne  de  la  terre  et/ou  enroule  en 
helice)  interface  avec  un  reseau  d'impe- 
dance  caracteristique  plus  faible, 

-  avec  les  deux  configurations  combinees, 
dans  la  meme  interconnexion  electrique, 

de  tels  filtres  etant  utilisables  dans  les 
filtres  "boltes  noires",  en  particulier  pour  I'ex- 
tension  vers  les  frequences  plus  elevees  des 
performances  traditionnelles  limitees  d'attenua- 
tion  des  filtres  "boltes  noires". 

23.  Filtre  electromagnetique  selon  les  revendica- 
tions  1  a  22,  pour  la  mise  en  oeuvre  de  lignes- 
filtres  au  moins  partiellement  flexibles,  utilisant 
des  elements  de  ligne  flexibles  realises  par 
une  technique  classique  de  fabrication  de  ca- 
bles. 

24.  Filtre  electromagnetique  selon  les  revendica- 
tions  1  a  22,  pour  la  mise  en  oeuvre  de  filtres 
semi-rigides  ou  essentiellement  rigides  dans  la 
technologie  des  microbandes,  des  circuits  im- 
primes  et  des  filtres  integres. 

25.  Filtre  electromagnetique  selon  les  revendica- 
tions  1  a  23,  dans  lequel  le  (les)  conducteur  (s) 
principal  (principaux)  est  (sont)  nu  (s)  pour  le 
filtrage  de  lignes  haute  tension,  de  lignes  d'ali- 

5  mentation  en  puissance  de  train  electrique, 
etc. 

26.  Filtre  electromagnetique  selon  les  revendica- 
tions  1  a  25,  dans  lequel  des  interconnexions 

io  de  lignes/cables  de  reseaux  de  transmission 
de  signaux/de  puissance,  utilisent  I'approche 
de  perte  par  desadaptation,  de  fagon  a  obtenir 
une  efficacite  donnee  d'attenuation  en  fonction 
de  la  frequence  entre  des  entrees/sorties  don- 

15  nees  des  reseaux. 

Patentanspruche 

1.  Elektromagnetisches  Filter,  bestehend  aus  we- 
20  nigstens  einer  elektrischen  Leitung  oder  einer 

anderen  verteilten  Wellenausbreitungsstruktur, 
die  mit  einem  oder  mit  ihren  beiden  Enden  an 
wenigstens  eine  andere  verteilte  Leitung  oder 
ein  Bauteil  aus  konzentrierten  idealen  Elemen- 

25  ten  angeschlossen  ist, 
dadurch  gekennzeichnet, 
da/S  die  eine  elektrische  Leitung  eine  Lange 
von  wenigstens  einem  Viertel  der  Wellenlange 
hat,  die  dem  Sperrbereich  des  elektromagneti- 

30  schen  Filters  entspricht  und  eine  Dampfung 
oder  einen  Verlust  von  wenigstens  2  dB  auf- 
weist,  und  da/S  die  charakteristischen  Impedan- 
zen  der  angeschlossenen  verteilten  Leitungen 
und/oder  die  Impedanzen  der  Bauteile  aus 

35  konzentrierten  idealen  Elementen  derart  ge- 
wahlt  sind,  da/S  Impedanzdiskontinuitaten  im 
Vergleich  mit  der  charakteristischen  Impedanz 
der  einen  elektrischen  Leitung  oder  der  Wel- 
lenausbreitungsstruktur  eingefuhrt  werden. 

40 
2.  Elektromagnetisches  Filter  nach  Anspruch  1  , 

gekennzeichnet  durch 
eine  Darstellung  elektromagnetischer  Verluste 
aufgrund  elektrischer  und/oder  magnetischer 

45  Absorptionsverluste,  eines  normalen  und 
kunstlichen  Skin-Effekts,  aufgrund  eines  simu- 
lierten  Skin-Effekt,  eines  Wirbelstroms  und  von 
Naheffekten  und  anderen  physikalischen  Ver- 
lusteffekten  innerhalb  des  spezifischen  Fre- 

50  quenzbereichs. 

3.  Elektromagnetisches  Filter  nach  Anspruch  1 
oder  2, 
gekennzeichnet  durch 

55  eine  Mindestanzahl  von  2  charakteristischen 
Impedanzdiskontinuitaten,  urn  die  Grenzfla- 
chenverluste  zu  erzeugen,  und  das  Auftreten, 
fur  signifikante  Diskontinuitaten,  von  Grenzfla- 

12 
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chenverlusten,  die  der  Halfte  der  Quadratwur- 
zel  des  Verhaltnisses  der  Impedanzdiskontinui- 
taten  entsprechen. 

4.  Elektromagnetisches  Filter  nach  Anspruch  1 
bis  3, 
gekennzeichnet  durch 
wenigstens  ein  verteiltes  fehlangepa/Stes  Lei- 
tungselement,  das  ein  ungerades 
Viertelwellenlangen-Vielfaches  fur  eine  vorge- 
gebene  Frequenz  darstellt,  bei  welcher  es  eine 
maximale  Abschwachung  darstellt. 

5.  Elektromagnetisches  Filter  nach  Anspruch  1 
bis  3, 
gekennzeichnet  durch 
wenigstens  ein  Leitungselement,  das  ein 
Halbwellen-Vielfaches  fur  eine  vorgegebene 
Frequenz  darstellt,  bei  welcher  es  eine  mini- 
male  Abschwachung  darstellt. 

6.  Elektromagnetisches  Filter  nach  Anspruch  1 
bis  5, 
gekennzeichnet  durch 
die  Kaskadierung  mehrerer  fehlangepa/Ster  Lei- 
tungselemente  (mit  Entkopplungsgrenzflachen- 
leitungen)  und  Darstellen  einer  Addition  der 
Abschwachungscharakteristiken. 

7.  Elektromagnetisches  Filter  nach  Anspruch  6, 
gekennzeichnet  durch 
Kaskadieren  mehrerer  ungerader  Mehrfach- 
Viertelwellenlangenelemente  (mit  Entkopp- 
lungsgrenzflachenleitungen)  und  Darstellen  ei- 
nes  Abschwachungspols  fur  die  entsprechen- 
den  Frequenzen,  urn  bei  gewissen  Frequenzen 
die  Absorption  zu  erhohen,  bei  maximaler 
Dampfungssteilheit,  proportional  zu  der  Anzahl 
der  kaskadierten  Elemente. 

8.  Elektromagnetisches  Filter  nach  Anspruch  4 
bis  7, 
gekennzeichnet  durch 
die  Kaskadierung  mehrerer  Elemente  unter- 
schiedlicher  elektrischer  Langen  (mit  Entkopp- 
lungsgrenzflachenleitungen),  urn  (bei  vorgege- 
bener  Frequenz)  die  Uberlagerung  eines  maxi- 
malen  Dampfungseffekts  (mit  ungeraden 
Viertelwellenlangen-Leitungssegmenten)  mit 
minimalen  Dampfungseffekten  zu  erzielen,  wie 
durch  Mehrfach-Halbwellensegmente  gezeigt, 
urn  die  Uberallesdampfung  mit  Bezug  auf  die 
Frequenz  zu  verbreitern,  und  urn  Absorptions- 
minima  zu  loschen. 

9.  Elektromagnetisches  Filter  nach  Anspruch  1 
bis  3, 
gekennzeichnet  durch 

wenigstens  ein  verteiltes  Leitungselement  und 
wenigstens  ein  Induktorbauteil  aus  konzentrier- 
ten  idealen  Elementen,  und/oder  ein  Kapazi- 
tatsbauteil  aus  konzentrierten  idealen  Elemen- 

5  ten. 

10.  Elektromagnetisches  Filter  nach  Anspruch  9, 
gekennzeichnet  durch 
die  Tatsache,  da/S  wenigstens  eine  der  Leitun- 

io  gen  oder  Bauteile  eine  Eigenabsorption  auf- 
weist,  entsprechend  Anspruch  2. 

11.  Elektromagnetisches  Filter  nach  Anspruch  9 
oder  10, 

15  gekennzeichnet  durch 
die  Tatsache,  da/S  das  Bauteil  (die  Bauteile), 
das  Diskontinuitat  einfuhrt,  selber  gekennzeich- 
net  ist  durch  ein  nicht  ideales  induktives  oder 
kapazitives  Verhalten,  beispielsweise  durch 

20  Einfuhren  einer  oder  mehrerer  Eigenresonan- 
zen,  und  da/S  diese  kombiniert  sind  mit  dem 
Fehlanpassungsfiltereffekt,  urn  Abschwa- 
chungsmaxima,  Dampfungssteilheitsmaxima 
und/oder  ein  weiteres  Verbreitern  der  Filterlei- 

25  stung  zu  erzeugen. 

12.  Elektromagnetisches  Filter  nach  Anspruch  1 
bis  11, 
gekennzeichnet  durch 

30  Anordnen  des  Fehlanpassungsverlusteffekts 
auf  den  (kleinen)  Eigenverlusten  der  Leitungen 
und/oder  Bauteile,  nach  Anspruch  1,  in  die 
zunehmenden  Verluste  (mit  Bezug  auf  die  Fre- 
quenz)  eines  Teils  des  Spektrums,  urn  den 

35  nutzbaren  Filtereffekt  zu  kleineren  Frequenzen 
hin  zu  erweitern,  oder  in  die  abnehmenden 
Verluste  (mit  Bezug  auf  die  Frequenz)  eines 
Teils  des  Spektrums,  urn  den  nutzbaren  Filter- 
effekt  zu  hoheren  Frequenzen  hin  zu  erweitern. 

40 
13.  Elektromagnetisches  Filter  nach  Anspruch  1 

bis  12, 
gekennzeichnet  durch 
die  Anwendung  der  verbesserten  Tiefpa/Sfunk- 

45  tion  auf  die  Differenzialmodenausbreitung  auf 
dem  Filter,  auf  die  Gleichtaktausbreitung  auf 
dem  Filter  oder  auf  beide  gemeinsam. 

14.  Elektromagnetisches  Filter  nach  Anspruch  1 
50  bis  13, 

gekennzeichnet  durch 
die  Anwendung  auf  eine  Leitung  oder  eine 
beliebige  elektromagnetische  Ausbreitungs- 
struktur  des  geschlossenen  Typs 

55  (Koaxialkabel,  verdrehte  Doppelleitung  usw.) 
oder  des  offenen  Typs  (Schaltdraht,  Gleichtak- 
tunterdruckungskoaxialkabel,  usw.)  oder  auf 
eine  beliebige  beide  Typen  verwendende 

13 
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Struktur. 

15.  Elektromagnetisches  Filter  nach  Anspruch  1 
bis  14, 
gekennzeichnet  durch 
eine  kontinuierlich  hergestellte  kabelartige 
Struktur,  die  die  Impedanzdiskontinuitaten 
durch  eine  kontinuierliche/diskontinuierliche  Er- 
zeugungstechnik  einfuhrt. 

16.  Elektromagnetisches  Filter  nach  Anspruch  1 
bis  14, 
gekennzeichnet  durch 
eine  Kaskade  unterschiedlicher  charakteristi- 
scher  Impedanzdrahte,  Kabel,  in  situ  miteinan- 
der  verbundener  Filter,  wie  beim  praktischen 
Einsatz  der  Verdrahtung  eines 
elektrischen/elektronischen  Apparates,  von 
Signal-  und  Leistungsverteilungsnetzwerken. 

17.  Elektromagnetisches  Filter  nach  Anspruch  1 
bis  15, 
gekennzeichnet  durch 
einen  Tiefpa/S-Draht/Kabel/Filter  in  Verbindung 
mit  einem  oder  mehreren  Induktoren  und/oder 
Reihenparallel-Kondensatoren  als  konzentrierte 
ideale  Elemente,  die  vorteilhafterweise  inner- 
halb  von  Anschlu/Selementen  zur  Darstellung 
von  Filter-Spannungsversorgungsverlange- 
rungskabeln  und  Spannungsversorgungen  fur 
gefilterte  Gerate  angeordnet  sind. 

18.  Elektromagnetisches  Filter  nach  Anspruch  1 
bis  17, 
gekennzeichnet  durch 
einen  mit  Verlust  behafteten  Induktor  mit  koaxi- 
al  verteilten  Konstanten  als  Leitungssegment 
mit  hoher  charakteristischer  Impedanz,  das  mit 
Schaltkreisen  geringerer  Impedanz  kombiniert 
ist  bzw.  eine  Schnittstelle  bildet,  als  Breitband- 
RFI-Entstorerbauteil  fur  elektronische  Schalt- 
kreise. 

19.  Elektromagnetisches  Filter  nach  Anspruch  18, 
gekennzeichnet  durch 
die  Darstellung  des  mit  Verlust  behafteten  ho- 
hen  charakteristischen  Impedanzleitungsseg- 
ments  als  ein  Filterbauteil  zur  Verwendung  in 
einer  koaxialen  Konfiguration  (Zundspulen-RFI- 
Induktor),  oder  als  eine  nahe  an  der  Masse 
liegende  Konfiguration  (Verwendung  auf  Zund- 
kabeln,  elektronischer  gedruckter  Schaltkreis- 
anwendungen). 

20.  Elektromagnetisches  Filter  nach  Anspruch  1 
bis  19, 
gekennzeichnet  durch 
ein/mehrere  Elemente  von  Tiefpa/Sleitungen  mit 

hoher  charakteristischer  Impedanz  mit  einem 
oder  mehreren  Entkopplungsgrenzflachenlei- 
tungssegmenten  niedriger  charakteristischer 
Impedanz,  wie  sie  als  Kraftfahrzeugzundungs- 

5  sto  rungs-Unterdruckungskabel  verwendet  wer- 
den,  und  die  gekennzeichnet  sind  durch  das 
Anordnungen  von  Segmenten  hoher  Impedanz 
nahe  an  den  Storungsquellen,  z.B.  den  Kabe- 
lenden. 

10 
21.  Elektromagnetisches  Filter  nach  Anspruch  20, 

gekennzeichnet  durch 
ein  Kabel  mit  einem  alternierenden  eng  gewik- 
kelten  und  mit  Abstand  angeordneten  Wik- 

15  kelschritt  mit  plotzlichen  Ubergangen,  urn 
Grenzflachenverluste  an  einem  Kraftfahrzeug- 
Zundungskabel  zu  erzielen,  unter  vorteilhafter 
Kaskadierung  eines  oder  mehrerer  Absorp- 
tionspole,  nach  den  Anspruchen  5  und  8,  in- 

20  nerhalb  des  CISPR/SAE-Frequenzbandes,  zur 
RFI-Unterdruckung  von  Landfunkeinrichtungen 
und  insbesondere  von  spezifischen  Sperrfre- 
quenzen  (CB,  Radio,  Telefon,  Zellentelefon, 
usw.)  und  gegebenenfalls  au/Serhalb  des 

25  CISPR/SAE-Bands  fur  weitere  Unterdruckungs- 
anforderungen  (Radio,  TV,  Fernmeldeeinrich- 
tungen,  usw.). 

22.  Elektromagnetisches  Filter  nach  Anspruch  1 
30  bis  21,  das  dargestellt  ist  durch  eine(n) 

absorptionsoffene(n)  Draht/Leitung  mit  Grenz- 
flachenverlusten,  urn  die  Filterleistung  einer 
Verbindung  in  situ  zu  verbessern: 

-  mit  einem  oder  mehreren  Segmenten 
35  niedriger  charakteristischer  Impedanz 

(ein  gerader,  nahe  an  Masse  angeordne- 
ter  Draht)  in  Kombination  mit  einem 
Netzwerk  hoher  charakteristischer  Impe- 
danz, 

40  -  mit  einem  oder  mehreren  Segmenten  ho- 
her  charakteristischer  Impedanzen 
(derselbe  gerade  Draht  in  ferner  Anord- 
nung  zur  Masse  oder  ein  als  Spirale  ge- 
wickelter  Draht)  in  Kombination  mit  ei- 

45  nem  Netzwerk  niedriger  charakteristi- 
scher  Impedanz,  mit  beiden  Darstellun- 
gen  in  Kombination  in  derselben  elektri- 
schen  Zusammenschaltung, 

wobei  derartige  Filter  in  Black-Box-Filtern  ver- 
so  wendbar  sind,  insbesondere  fur  die  Ausdeh- 

nung  der  Dampfungsleistungen  herkommlicher 
Black-Box-Filter  zu  hoheren  Frequenzen  hin. 

23.  Elektromagnetisches  Filter  nach  Anspruch  1 
55  bis  22,  zur  Darstellung  von  zumindest  teilweise 

flexiblen  Filterleistungen  unter  Verwendung  fle- 
xibler  Leitungselemente,  die  mit  herkommli- 
chen  Kabelherstellungstechniken  (Extrusion, 

14 
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usw)  hergestellt  sind. 

24.  Elektromagnetisches  Filter  nach  Anspruch  1 
bis  22,  zur  Darstellung  halbsteifer  oder  im  we- 
sentlichen  steifer  Filter  in  Streifenleitungen,  ge-  5 
druckten  Schaltungskarten  und  in  der  integrier- 
ten  Filtertechnik. 

25.  Elektromagnetisches  Filter  nach  Anspruch  1 
bis  23,  wobei  der/die  Hauptleiter  fur  das  Filtern  10 
von  Hochspannungsleitungen,  Stromversorgun- 
gen  fur  elektrische  Zuge,  usw.  freiliegen. 

26.  Elektromagnetisches  Filter  nach  Anspruch  1 
bis  25,  wobei  die  Zusammenschaltungen  von  is 
Signal/Stromversorgungs- 
Netzwerkleitungen/Kabeln  Gebrauch  machen 
vom  Fehlanpassungsverlust-Losungsweg,  urn 
zwischen  gegebenen  Eingangen/Ausgangen 
des  Netzwerks  eine  gegebene  Abschwa-  20 
chungsleistung  mit  Bezug  auf  die  Frequenz  zu 
erzielen. 

25 

30 

35 

40 

45 

50 

15 



EP  0  147  248  B1 

C o p p e r   C o n d u c t o r  
0  =  0 ,3   mm  3 0 V c m  

S h i e l d  
L  =  3 l 0 u H / m  
C  =  8 6 p F / m  

Z  ~  1900  SI 
c  

A b s o r p t i v e   C o m p o s i t e   C o r e  
0  =  3,0  mm 

0  =  5 ,5   mm 

16 



EP  0  147  248  B1 

0  m 

1  MHz 
£=7 ,2   MHZ 

4  10MHz 100MHZ 1  GHz 

10dB 

20dB 

°  30dB 
+> 
<c 3 
S  4  0dB 
4J 

50dB 

6  0dB 

y n f t n r y f i o d i ^  

Helical  Line  v l ^  
I  =  0,52  m  X I  

MIL  -  STD-220  A 

I  I  II  l H  
' / / / / / / / / / / h o i s d  
1  1  1  1  1  n  

4  6  8  10MHz  20 

1  MHz 

40  60  100  200  400  1  GHz 

Frequency 

L  GHz 

1U  + 

4  6  8  10MHz  20 40  60  100  200  400  1  GHz 

Frequency 

7 



EP  0  147  248  B1 

1  MHz 

10  dB 

20  dB 

30  dB 

40  dB 

5C  dB 

60  dB 

1MHz 

1  GHz 

4  6  8  lQMHz  20  40  60  100  200  4C0  1  GHz 
Frequency 

10MHz 100MHz 1  GHz 

4  6  8  IGMHz  20  40  60  100  200  400  1  GHz 
Frequency 

18 



EP  0  147  248  B1 

1  KHz 1  GHz 

,1  MHz 1  MHz 10MHz ICOMHz 

19 



EP  0  147  248  B1 

1MHz  10MHz  100MHz  1GHz 

2  4  6  10MHz  20  N  ̂ 40  60  100  200  400  1GHz 

Frequency 

!  4  6  8  10MHz  20  40  60  100  200  400  1GHz 

Frequency 

o 



EP  0  147  248  B1 

i  i  i  * 
1  10  100  1000  MHz 

Frequency 

0,1  MHz  1  MHz  10  MHz  100  MHz 

>20  GHz  28MHz 

21 


	bibliography
	description
	claims
	drawings

